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© A molded article dotted with holding sections for
holding optical parts has a guaranteed dimensional
accuracy regarding the wall thickness of the holding
sections. Pressing members (10A.10B) are arranged
in a molding cavity surface of a cavity defined by a
stationary mold part (1A) and a movable mold part
(6), and urging members (12) urged at a fixed pres-
sure are provided in the molding cavity surface.

16E

After a predetermined amount of resin material has
been injected into the cavity, the injection gate (1D)
is closed. Before closing the injection gate, however,
the pressing members (1 OA,10B) are pressed in the
direction of the interior of the cavity so as to dis-
place the resin material in the cavity against the
urging force of the urging members (12) to thereby
unformalize the resin material in the cavity.
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BACKGROUND OF THE INVENTION

Held of the Invention

The present invention relates to a technique for

producing a molded article by injecting a molten
resin material into a mold cavity. In particular, the
present invention relates to an injection mold for

producing a molded article having protrusions or
the like, with a high dimensional accuracy for such
protrusions.

Description of the Related Art

A partial-compression injection molding method
has been known in which ejector pins are used, as
described in Japanese Patent Laid-Open No. 49-

74250. According to the method, the ejector pins
are retracted from the mold cavity surface, with the
mold completely closed, thereby forming material

accommodating spaces. Then, a predetermined
amount of material is injected into the mold cavity.

Before the material has solidified, the ejector pins
are advanced to the mold cavity surface, with the
closing pressure of the mold diminished or reduced
to zero, thereby forcing the material in the material

accommodating spaces into the mold cavity. After

this, the mold is again completely closed under
pressure. This arrangement enables even a mold
cavity having a complicated configuration to be
filled with material substantially up to the very end
thereof in the injection process. In this way, the
material can be pressurized all over, thereby mak-
ing it possible to produce quality molded articles

having a consistent material density.

However, in the above-described method, a
fixed, predetermined compressive force is simply
applied to the resin. This leads to the following

problem: when an excessive compressive force is

applied to the resin before the gate sealing, which
is due to the cooling and solidification of the gate
portion of the resin, has been completed, not only
is a gate stress (internal stress) expelled from the
gate portion of the resin to eliminate sinks, voids or
the like therein, but a portion of resin in an amount
corresponding to the compression is also expelled,
with the result that the heat shrinkage after the gate
sealing cannot be compensated for. On the other
hand, when the compressive force applied before
the gate sealing is too small, the gate sealing is

allowed to take place too early, with the result that

the gate stress is not completely expelled. Thus,
pressure shortage occurs in the compression pro-
cess after the gate sealing, so that it is difficult for

the heat shrinkage to be compensated for. The
proper pressure to be applied at the time of the
gate sealing and the proper pressure at the time of

the compression rarely coincide with each other.

Further, it is not desirable, either, to put the resin

under a fixed compressive force throughout the

compression process since that may cause a pres-
sure to be applied to the molded article after the

5 solidification, thereby allowing some internal stress

to remain in the article.

As a means for overcoming such a problem, an
injection molding machine has been known which
is capable of optimally controlling the compressive

10 force, as described in Japanese Patent Laid-Open
No. 61-83016.

The injection molding machine mentioned
above comprises a hydraulic cylinder which dis-

places part of a mold cavity section (for example, a
is plunger) so as to apply a compressive force to the

molten resin injected into the mold cavity to fill the
same, a plurality of pressure setting devices for

setting a plurality of hydraulic pressures to be
supplied to the hydraulic cylinder, a signal gener-

20 ator which successively selects the plurality of set

hydraulic pressures and emits, for an appropriate
period of time, pressure command signals in con-
formity with the set pressures, and an electromag-
netic pressure regulating valve which controls the

25 hydraulic pressures supplied to the hydraulic cyl-

inder in accordance with the pressure command
signals. Due to this construction, the compressive
force, determined in accordance with the configura-

tion and material of the molded article, is controlled

30 by controlling the injection pressure in multi-stages

through time counting from emission of a dwell
switching signal, thereby making it possible to ob-
tain a compressive force that is most suitable for

each stage of the compression process.

35 A study of partial compression injection mold-
ing is disclosed in the document "Molding", '93,

P211. According to the method described in the
study, hydraulic pressure is utilized in a mold for

injection molding to force a pin into a Jhick-walled

40 section, such as a rib, thereby locally eliminating

sinkage due to shrinkage caused during the solidi-

fication of the resin.

However, the conventional techniques de-
scribed above are not intended for high-precision

45 mechanism parts, such as optical parts. A mecha-
nism part, e.g., an optical unit holding member as
shown in Fig. 4, described below, requires high-
precision holding sections. To obtain such a
mechanism part, a mold is used which has a corn-

so plicated configuration and a small gate diameter
and which defines a cavity dotted with high-preci-

sion wall-thickness sections. For such a mold, the
above conventional techniques have the following

problems:

55 (1) Due to the complicated configuration, a suffi-

cient ejection area ensuring the requisite partial

ejection force is not available. Thus, although
the conventional techniques can cope with the
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problem of sinkage in the ejecting sections/they
are not very effective in restraining the variation
in wall thickness.

The following is: the reason why a variation
in wall thickness is generated when a sufficient s
ejection area is not available:-

Compression injection molding is often em-
ployed for the purpose of obtaining a satisfac-
tory transfer of the precision of molds for lenses,
optical discs and the like. In compression injec- w
tion molding, a considerable portion (usually 50
to 90%) of the cavity area is ejected with a
single ejecting section (a plunger), as in the
case of the method described in Japanese Pat-
ent Laid-Open No. 61-83016. 75

For an optical holding member as shown in

Fig. 4 or the like to be obtained, the die cavity
must be partly dotted with high-precision wall-
thickness sections. It must also be dotted with
sections for ejection by pins or the like. In such 20
a case, the ejecting force is not transmitted to
the cavity end through the resin, which is some-
what cooled after the filling and is in a semi-
solid state, in contrast to the case where the
entire molding cavity surface is pressed. Thus, 25
the orientation of the internal die pressure can-
not always be regarded as ideal, but rather
tends to exhibit a poor reproducibility for the
entire warpage.

(2) In view of this, to restrain the variation in 30
dimensional precision at the time of molding* it

is necessary to increase the absolute internal
die pressure to achieve an increase in resin
density and an improved transferability. Thus, .*

the injection pressure (the internal die pressure) : 35
must be increased. As a result; a large clamping
force is required in addition to the ejecting force.
In order to restrain the variation in precision at
the time of molding, the cooling time might be
set to be relatively long. However, that would aq
lead to a; long molding cycle. .

(3) However, when the injection pressure is in-

creased for the purpose of ensuring; the^ requi-
site interior die pressure, there is the following
problem: when the gate diameter is small, the 45
internal-die-pressure difference gradient be-
tween a section near the gate and a section
spaced far from it becomes large, and the gra-
dient does riot remain the same for each mold-
ing, so that the warpage amount is not stable 50
but varies. That is, when there is a different
gradient in internal die pressure in the semi-
solid resin' in the die cavity, an unevenriess in

density is generated in the resin in the cavity,
with the result that the internal stress of the 55
resin after solidification is uneven, resulting in

the warpage amount of the molded product tak-
en out of the mold being unstable.

(4) Further, as compared with a simple, thick-
walled molded article like a lens, a complicated,
high-precision mechanism part has a relatively

small wall thickness, and the mold temperature
for it is set to be low to shorten the cycle, so
that it is necessary to increase the injection

speed for the purpose of filling the mold with
resin up to the end of the cavity before the resin
has solidified to a considerable degree. In this

process, there is not sufficient time for the large
amount of gas generated from the filling resin
and the air in the cavity to escape from the
cavity during the injection, with the result that
the injection speed varies or cannot be con-
trolled, resulting in burning, burrs or unstable
dimensional accuracy. In view of this, it is nec-
essary to correctly set the requisite clamping
force in accordance with the projected area of
the molded article and the requisite internal die
pressure so that the gases may be allowed to
smoothly escape without requiring any extra
clamping force.

Under the circumstances., when the ejecting
force is controlled in terms of time, there is the
following problem: when a low pressure is used
throughout the stage of molding process from
the completion of the resin injection to the gate
sealing, which stage is most important in obtain-
ing a compression effect by ejection, * a - high
compression effect cannot be obtained in the
case of partial: ejection (partial compression) due
to the small ejecting force. On the other hand,:>

using a high pressure would, together with*.the *,,

injectionv pressure, - cause the mold to open,

;

thereby causing burrs to be generated. -

(5) At the same time, in the case of a part
having a complicated configuration like the one
being discussed, the amount of resin injected is

large, so that the diameter of th% injection cyl-
inder is also large. As a result, .the variation in

metering is relatively large as compared with
that in the case of a relatively small object like a
lens, which is produced by using an injection

cylinder having a relatively small diameter. The
variation in metering (of the amount of resin

injected) exerts a direct influence on the posi-
tional control in the case of a method in which
the ejecting position is* mechanically controlled
since in this case the cavity volume is always
kept constant. As a result, it is impossible to

;

keep the density of the resin in the cavity con-
stant, which leads to an unstable dimensional
accuracy* generation of burrs, and so oh.

SUMMARY OF THE INVENTION

The present invention has been made in view
of the above problems in the prior art. It is an

3
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object of the present invention to provide a com-
pression injection molding machine which makes it

possible to mitigate the warpage, to reduce the
variation in wall thickness, to shorten the molding
cycle, and to reduce the requisite clamping force 5

by decreasing the requisite internal die pressure
even in the case of the molding of a complicated,

high-precision mechanism part.

Further, the present invention is applicable to a
case where a component of a business machine w
which is required to have a high level of accuracy,
for example, a holding member for holding an
optical unit of an image forming apparatus, is mol-

'

ded by using a resin material.

Further, according to the present invention, 15

protrusions to which parts are to be attached and
which are required to have a high level of dimen-
sional accuracy, are formed on a molded article

produced by using a die cavity defined by station-

ary and movable mold parts, wherein, prior to the 20

solidification of the resin material injected into the

cavity, a pressing action is exerted on those por-

tions of the resin material in the cavity which are in

the vicinity of the above-mentioned protrusions so
as to increase the density of those portions of the 25

resin, thereby providing a molded article whose
dimensional accuracy can be guaranteed even in

the resin-material cooling process.

To achieve the above object, the present in-

vention proposes an injection molding method 30

which uses pressing members arranged in a mold-
ing cavity surface of a cavity defined by stationary

and movable mold parts, and urging members ar-

ranged in the molding cavity surface and urged at

a fixed pressure. An injection gate is closed after a 35

predetermined amount of resin material has been
injected into the cavity. Before closing the injection

gate, however, the pressing members are pressed
in the direction of the interior of the cavity so as to

displace the resin material in the cavity against the 40

urging force of the urging members to thereby

uniformalize the resin material inside the cavity.

Further, the present invention proposes a
method of producing a molded article having pro-

trusions for holding optical components as in the 45

case of an optical unit for a business machine as
mentioned above, wherein pressing members pro-

trude from the molding cavity surface for forming

the above-mentioned molded article so as to be
positioned at the above-mentioned protrusions. so

After the resin material has been injected into the

cavity, the pressing members are pressed to dis-

place the resin material and to increase the pres-

sure of those portions of the resin which are near

the protrusions to thereby increase the density of 55

the resin material forming the above-mentioned
protrusions, thereby eliminating deformation of the

protrusions in the resin cooling process.

Further, the present invention proposes, as an
apparatus for executing the above-described injec-

tion molding method, an injection molding machine
comprising stationary and movable mold parts de-

fining a molding cavity having a molding cavity

surface, pressing members for pressing from the

outside a resin material injected into the molding
cavity, and urging members arranged in the mold-
ing cavity surface and urged at a predetermined

pressure. After the resin material has been injected

into the cavity, the pressing members are pressed
so as to displace the resin material and, at the

same time, the resin pressure inside the molding
cavity is unformalized by the urging force of the

urging members.

The injection molding machine may also be
one comprising an ejecting device for driving ejec-

tor pins which serve to eject the molded article and
which are forced into the resin filling the cavity, the

cavity being partly dotted with high-precision wall-

thickness sections for forming the thick-walled sec-

tions of the molded article. The precision pins are

provided in correspondence with the high-precision

wall-thickness sections of the cavity, the precision

pins being forced into the cavity by the ejecting

device and by a predetermined ejection amount,
and

wherein a control unit is provided which adjusts

the ejecting force of the precision pins in accor-

dance with the ejection amount as measured from
an ejection start position such that the control unit

enlarges the ejecting force of the precision pins

when this ejection amount is smaller than the

above-mentioned predetermined ejection amount,
gradually diminishing it as it approaches the pre-

determined ejection amount, and that the control

unit diminishes the ejecting force of the precision

pins or reduces it to zero when the ejection amount
as measured from the ejection start position ex-

ceeds the above-mentioned predetermined ejection

amount, thereby effecting a multi-stage or stage-

less control so as to maintain the above-mentioned
predetermined ejection amount.

In this case, the above-mentioned ejecting de-

vice consists of a hydraulic cylinder device, and
the above-mentioned control unit may be one
equipped with a measuring means for reading the

projection amount of a rod of the hydraulic cylinder

device, the pressure of the oil supplied to the

hydraulic cylinder device being adjusted in accor-

dance with the value read from the measuring
means.

According to the present invention, constructed

as described above, the following improvement is

achieved: in the prior art, when the mold is com-
pletely closed by pressing and the cavity is filled

with resin injected into it, the pressure in the sec-

tion near the gate is higher than the pressures in

4
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the sections spaced apart from the gate especially
when the cavity has a complicated configuration >

partly dotted with high-precision wall-thickness sec-,
tions for forming thick-walled sections in the mol-
ded article and the gate diameter is small, as in the 5
case of a high-precision mechanism part In such a
case, a pressure in excess of the set internal die
pressure ^concentrated in the vicinity of the gate
However, when, as in the present invention, urging
pins are provided near the gate, the. forward ends io

of these urging pins retreat from the molding cavity

surface against a pressing force of a pressing
means pressing the urging pins with the same
pressure as the set internal die pressure such that
the forward ends of the urging pins are positioned 75

in the same plane as the molding cavity surface.
As a result, an increase in the cavity volume occurs
near the gate, so that the concentration of pressure
in the vicinity of the gate is suppressed, so that the
unevenness in cavity internal pressure difference is 20
eliminated even though an ejection area large
enough to eliminate such unevenness cannot be
secured due to the presence of the high-precision
wall-thickness sections with which the cavity is

dotted. Further, in a case where a large amount: of 25
resin must be injected (metered) due - to the com-
plicated cavity configuration, the • diameter oK the
injection cylinder must also be large, with the result

that there is a variation in the amount of resin
1

injected (metered) for each molding. - According to 30
the present invention, however, the* urgings pin
retreat when the pressure inside the cavity exceeds
the set internal die pressure, so that the volume of
the cavity can vary so as to keep the density of the >

resin in the cavity constant. , : * if, 35
Further, in the prior art, when the ejecting de-

vice is driven to press the resin filling the cavity by
ejector pins, precision pins also press the high-
precision wall-thickness sections, with which the

1

interior of the cavity is partly dotted, by a predeter- 4o
mined ejection* amountJAtthis time, the resin- has <

started to cool and is in a semi-solid states so that -

the pressing force is not sufficiently transmitted to^

;

the farthest end of the cavity, as compared to the
1

,

case where the entire- cavity is pressed, resulting in 45
the orientation of the interior die pressure being
partly uneven ^However, in such' a case also, this

unevenness is eliminated by the operation of the
urging pins mentioned above. Further, due to the
operation of the above-mentioned urging pins, it is so
also possible to eliminate the unevenness in the
cavity internal pressure difference due to the vari-

ation in
1

balance betweenvthe pressure of the injeo
tion from the gate and the ^ejecting force locally r

exerted on high-precisibri sections with which the - 55
cavity is partly dotted;

In this way/ when compression molding is ex-
ecuted, the internal die pressure is always unfor-

malized by the action of the urging pins. Thus, it is

possible to mitigate the warpage due to the com-
plicated cavity configuration, the variation in wall

thickness due to the influence of the warpage, and
so on. Further, while in the prior art the injection

pressure must be enlarged before the variation in

precision can be restrained, and, consequently, a
large clamping force is required in addition to- the
ejecting force, it is possible, in the present inven-

tion, for the clamping force of the clamping device
to be the minimum value required. At the same
time, there is no need for the cooling time to be
relatively long in order to restrain the variation in

precision, and the cooling time can also be set at

the minimum value required. Thus, it is also possi-
ble to shorten the molding cycle as compared to
that in the prior art.

BRIEF DESCRIPTION OF THE DRAWINGS

Rg. 1 is a sectional view showing the essential

parts of an injection molding machine according
to the present invention;

Fig. 2 is a diagram showing another example of

an urging means constituting an essential com-
ponent of the present invention;

Fig. 3 is a control block diagram of an apparatus
according to the present invention;

Fig/4, is a perspective view^of an optical unit

holding member according to the present inven-

tion;

Fig. 5 is a diagram illustrating the construction

of an optical unit;

Fig. 6 is-a sectional view of an optical unit

holding member produced by a conventional

process and apparatus;

Fig. 7 is a sectional view of an optical -unit

holding member according to the present inven-
tion; ^
Rg. 8 is an operation flowchart ifor a molding
machine according to the presentinvention;
Rg. 9 is a^diagram showing another example of
urging means 1 2; ^ k >

Rg. 10 is a sectional view showing the essential .:

components of another example of an apparatus
according to the present invention;

Rg. 11 is a control block diagram for the ap-
paratus shown in Rgs. 9 and 10;

Rg. 12 is an operation flowchart for the appara- -

tus shown in Figs. 9 through 11; and
Rg. 13 is a diagram illustrating how the resin

pressure in a „ molded article is unformalized
according to the present invention.

5



9 EP 0 662 383 A1 10

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS : ~

Fig. 1 is a sectional view of the essential parts

of a molding machine according to the present
invention, showing the structural features of the
molding machine.

In Fig. 1, numeral 1 indicates a stationary

member (a stationary platen) secured to the ma-
chine, body (not shown); numeral 1A indicates a
stationary mold part attached to the stationary

member mentioned above; and numeral 1a indi-

cates a molding cavity surface of the stationary

mold part 1A.

Numerals 2A and 2B indicate guide members
for a movable mold part secured to the machine
body.

Numeral 4 indicates a movable member (a

movable platen) guided by the guide members 2A
and 2B. A movable bottom plate 4A and an ejector

plate 4B are attached to the movable platen 4.

The ejector plate 4B is composed of a plurality

of sections: first and second ejector plates 4Bi and
4B2.

Numeral 6 indicates the movable mold part.

The movable mold part 6 is attached to the ejector

plate 4B through the intermediation of return

springs 8. Numeral 6a indicates a molding cavity

surface of the movable part. The molding cavity

surface 6a forms the molding cavity together with

the molding cavity surface 1a of the stationary

mold part.

Numerals 10A and 10B indicate ejector pins,

which extend through the second ejector plate 4B*
and the movable mold part 6. In this example, two
pairs of ejector pins are incorporated into the ma-
chine, each pair consisting of two pins 10A and
10B.

Numeral 12 indicates urging means provided
near the gate and adapted to unformalize the pres-
sure of that portion of the resin material in the
cavity which is; near the gate when the resin ma-
terial is displaced by being pressed by the ejector

pins. Fig. 2 illustrates the construction of the urging
means.

In Ftg. 2, numeral 12A indicates a casing. The
casing. 12A is fitted into a cutout groove 6A formed
in the movable mold part 6. Numeral 12B indicates

an urging member (pin). One end of the urging

member 12B is formed as a flange section 12Bi
that is accommodated in the casing mentioned
above. The other end portion of the urging member
12B, indicated at 12B2, appears on the molding
cavity surface 6a of the movable mold part due to

the action of an urging spring member 12C pro-
vided in the casing.

Referring again to Rg. 1, numeral 14 indicates

a slide mold member, which defines the molding

cavity together with the stationary mold part 1A
and the movable mold part 6. The slide mold
member 14 performs opening and closing oper-
ations, by a well-known slide means (not shown),

5 simultaneously with the opening and closing of the
movable mold part.

Numeral 16 indicates an ejector pin driving

means, which comprises a cylinder block 16A at-

tached to the movable platen 4, a piston rod 16B
10 provided in the cylinder block 16A, an ejector rod

16C accommodated in a cutout groove 4C formed
in the movable platen 4 and adapted to drive the
ejector plate 4B, and so on.

The ejector rod 16C is composed of a receiver

75 16Ci which receives the pressure of the piston rod
16B, and rod members I6C2 and I6C3 for trans-

mitting the pressure of the receiver I6C1 to the

ejector plate.

A hydraulic mechanism 16E for driving and
20 controlling the piston rod 16B is connected to the

cylinder block 16A.

Numeral 16D indicates a means for detecting

the displacement position of the ejector rod 16C. In

this example, the means consists of a linear en-
25 coder attached to the inner surface of the above-

mentioned cutout groove of the movable platen.

The ejector pin driving means 16 is connected
to a hydraulic control means 18 (Fig. 3).

Numeral 20 indicates a hot runner, in which a
30 valve cylinder 22 is arranged. The valve cylinder

22 operates a valve pin 22A to open and close the
gate section 1 D of the stationary mold part.

The valve cylinder 22 is connected to a cyl-

inder control means 24.

35 Numeral 26 indicates an injection cylinder con-
nected to the stationary platen.

Fig. 3 shows a control unit for the molding
machine shown in Rg. 1. As stated above, the
ejector cylinder control means 18 drives and con-

40 trols the ejector driving means 16,

The valve cylinder control means 24 controls

the valve cylinder 22.
_

Numeral 30 indicates an input means for input-

ting data consisting of control information for this

45 molding machine. The input information is stored in

a memory 32.

Numeral 34 indicates a control means which
controls the operation of the entire molding ma-
chine and performs the operations as set forth in

so the control flowchart described below.

Figs. 4 and 5 show an optical unit 40 for use in

an image forming apparatus. The optical unit 40
includes an optical unit holding member, which is

an example of the molded articles produced by the

55 molding method of the present invention.

Rg. 4 is a perspective view of an optical unit

holding member 42 (an optical box) for accom-
modating and holding the optical unit shown in Fig.

6
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5. .v

As shown in Fig. 5, the optical unit 40 com-
prises a scanner-motor/motor-driver 44, a polygon
mirror 46, a spherical lens 48; a toric lens: 50, BD
lenses 52 and 54, a semiconductor-laser/laser-driv- 5
er 56, a cylindrical lens 58, the optical unit holding
member 42 for accommodating and holding these
components, and so on.

In the optical unit 40 shown- in Fig. 5, the
surface of a photosensitive drum is scanned with a 10
laser beam applied thereto from the laser driver 56
through the spherical lens 48 and the toric lens 50
as the the polygon mirror 46 rotates. When there is

a variation in accuracy in terms of the mounting
positions of the components held in the optical unit is
holding member 42, and, in particular, when there
is a dimensional variation in the mounting positions
with respect to a reference mounting surface of the
holding member, the accuracy in the scanning of
the laser beam is deteriorated^ resulting in deterio- 20
ration in the accuracy in the image transfer onto
the photosensitive drum. Thus, a very high level of
accuracy must be guaranteed with respect to the
respective mounting positions of the components
on the optical unit holding member: 25

In the perspective view of Fig. 4, showing the
optical unit holding member, areas Pt through P4
are the mounting positions for the above-mentioned
motor-scanner/motor-driver 44. A holding plate 44A
for the motor driver 44 is secured to these four 30
areas.

Areas P5 and P6 constitute the attachment
position for the spherical lens 48, and areas P7 and
P8 constitute the attachment position for the toric
lens 50.

35

.
Areas P9 and P10 constitute the* mounting po-

sitions for the BD lens 52 and the mirror 54,
respectively.

These mounting sections, shown as the areas
P1 through P10, are formed as protrusions from 40
the reference surface at-the bottom of the holding
member 42f When an optica] unit holding-member
having the cavity configuration as shown in Fig. 4
is produced by injection molding by a conventional
apparatus which is not based on the molding meth- 45
od and apparatus of the present invention, and
cooled and withdrawn from the mokfc a dimensional
error of approximately ±0.02 mm is generated in
the distance between the upper surface of each
protrusion, constituting a mounting position, and so
the above-mentioned bottom surface with respect
to the design value. v -

The reason for the necessity of a strict dimen-
sions accuracy regarding the wall ' thicknesses of
the protrusions P1 through Pi0 will be explained 55
below with reference to Figs. 6 arid 7!

Fig. 6 is a sectional view showinjg the essential
parts of an optical unit holding member produced

by a conventional method.

Referring to Fig. 6, in the protrusions P1
through P4 for holding the polygon mirror 46, a
difference of ±0.02 mm is generated between the
respective height dimensions tr and ti ' of the up-
per surfaces of these protrusions as measured
from the reference level X1-X2 for the holding
member 42 on the machine body.

A difference of ±0.02 mm is also generated
between the height dimensions and fe- of the
protrusions for mounting the spherical lens, be-1

tween the height dimensions of the mounting pro-
trusions for the toric lens, and between the height
dimensions of the mounting protrusions for the BD
lens.

These differences in dimension in the protru-
sions is attributable to the residual stress when the
resin is cooled in the cavity of the molding ma-
chine.

The above error of ±0.02 mm in terms of wall

thickness dimension generates an error in the
mounting angles -for the optical parts constituting

the optical unit, resulting in a deformation, such as
distortion or inclination, of the laser spot image on
the photosensitive drum, output from the laser light

source and transmitted by way of the polygon
mirror 44, the spherical lens 48,: the toric lens 50,
etc. Further, this error leads to an increase in the
laser spot diameter to thereby cause a deteriora-
tion in resolution.

Fig. 7 is a sectional view of an optical unit

holding member produced by the apparatus and
method of the present invention, shown in Fig. 1.

According to the present invention, it is possi-
ble to control the errors in the height dimensions
ti , ti *. t2, fc' t3, fa' within a range of ±0.01 mm.

With this range of dimensional error, i.e., ±0.01
mm, the distortion and inclination of the image is

reduced to 1/2 as compared with ttie case of Fig. -

6, thereby minimizing the image deformation.

Further, the error in lens mounting angle is also
reduced to 1/2 in the case of a small spot diameter
which is in excess of 600 dpi (dots per inch) for a
high-resolution image, thereby making it possible
to obtain a desired resolution.

Thus, reducing to half the dimensional error in

the wall thicknesses of the protrusions constituting
the component mounting positions for the optical
unit holding member 42 as described above is very
important in improving the accuracy of the image
forming apparatus.

Next, an example of the way the optical unit

holding member 42 is formed by the above mold-
ing machine and molding methbd will be described
with reference to the flowchart of Fig. 8.

The resin material used for the molding was :

"

one containing thermoplastic resin; e.g.., polycar-
bonate, as the main ingredient, with some filler like

7
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glass fiber mixed therein.

In Fig. 4, the number of protrusions, P1 - P10,

is ten or more, and all the pins 10, arranged at the

positions of these protrusions, function as both

ejector pins and internal pressure imparting means.
First, information corresponding to the wall

thickness dimensions of the protrusions, which con-

stitute the molding conditions for the optical unit

holding member 42, is input at the input means
mentioned above.

This input information mainly includes:

Melting point of the resin material, injection

amount, load value for the mold closing means (not

shown);

initial set value Ki of the hydraulic pressure for

the ejector driving means;

control information (timing and pressure) for

the control means 24 for the valve cylinder 22;

set load value K2 for the hydraulic control

means 18 to move the resin, and the timing of

switching from Ki to K2;

the above-mentioned set load value for the

hydraulic control means 18 and ejection pressure
K3 for molded article withdrawal and timing thereof;

amounts of movement of the ejector pins 10A
and 10B, and so on.

In this embodiment, the movable mold part is

designed such that the protrusions of the holding

member 42 are set at positions where the ejector

pins abut against them.

First, the above input information is input in

accordance with the design information regarding

the resin material and the optical unit holding mem-
ber to be molded (step 1).

Then, the movable platen is moved to close

the mold (step 2).

In this condition, the valve gate is kept open,
and the hydraulic means is set at the initial set

value Ki

.

Next, the resin is injected into the molding
cavity from the injection cylinder 26 (step 3). The
cavity, is thus filled with a predetermined amount of

resin injected into it, such that the resin is pressed
against the forward end surfaces of the ejector pins

10A and 10B and those of the urging members
12B.

The internal die pressure in the cavity at this

time is 300 to 600 Kgf/cm2 .

Prior to the completion of the injection of the

predetermined amount of resin, and after the

elapse of a set period of time input to the input

means 30, which set period of time is within the

period in which the resin material can flow, the

hydraulic cylinder is operated by the hydraulic con-
trol means 18, and the signal of the linear encoder
16D is input to the control means 34 to control the

hydraulic pressure of the hydraulic means to the

value K2 so as to move the ejector pins 10A and

10B in the direction of the cavity (step 4).

The pressure for switching the hydraulic pres-

sure of the hydraulic means from Ki to K2, in step

4, is set at a pressure which causes the ejector

5 pins 10A and 1 0B to be displaced by approxi-

mately 0.1 mm to 1.0 mm.
As a result of this operation, those portions of

the resin material in the cavity which are in the

vicinity of the ejector pins 10A and 10B undergo an

10 increase in internal resin pressure, with the result

that the density of these resin portions increases.

The springs 12C of the urging pins 12 are set

such that the springs impart a pressure which
allows the pins 12B2 to maintain the balanced

15 positions when the resin is injected into the cavity

and the resin internal pressure acts on the pins

12B2. In this way, the internal resin pressure in the

cavity is adjusted.

After this, the operation of injecting a predeter-

20 mined resin material is completed (step 5).

Then, the valve cylinder is operated by the

valve cylinder control means 24 to close the valve

gate (step 6).

This allows the resin in the cavity to be sub-

25 jected to the dwelling process (step 7).

Subsequently, a cooling process is started in

which the molded article in the cavity is cooled

through mold-coolant-passage effected by a cool-

ing means (not shown) (step 8).

30 After the elapse of a predetermined cooling

time, the operation of opening and closing the

movable platen is conducted (step 9).

Simultaneously with the opening and closing of

the movable platen, the slide mold member is also

35 opened and closed.

Subsequently, the withdrawal of the molded
article is conducted by the operation of the ejector

cylinder control means 18 (step 10).

Through the above steps 1 through 10, the

40 molding process is completed.

In the molding cavity for the optical unit hold-

ing member 42, shown in Fig. 1, the injection gate,

which is on the Stationary-mold-part. side, is posi-

tioned between the ejector pins 10, which are ar-

45 ranged in the cavity portion on the movable-mold-
part side, and the urging members. This arrange-

ment constitutes one of the factors contributing to

the improvement in the accuracy of the above-

mentioned protrusions,

so Fig. 9 shows an embodiment in which the

urging means 12 consists of a hydraulic means,
and will be described in more detail below with

respect to the injection mold shown in Fig. 10.

While in the embodiment of Fig. 1 the ejector

55 pins 10, constituting the ejector means, are used
also as the means for imparting internal pressure to

the resin material injected into the molding cavity,

it is naturally also possible to adopt pressing

8
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means other than the ejector pins 10 as the internal

.

pressure imparting means for the resin material.

Fig. 10 shows the construction of such other

means.* - * j : ..

In Fig. 10, numeral 100 indicates a stationary s

member (a stationary platen) secured to the ap-

paratus body (not shown); numeral 100A indicates

a stationary mold part attached to the above-men-

tioned stationary member; and numeral 100a in-

dicates the molding cavity surface of the stationary 10

mold part.

Numerals 120A and 120B indicate movable-

mold-part guide members fastened to the appara-

tus body.

Numeral 130 indicates a movable member (a 75

movable platen) guided by the guide members
120A and 120B. Attached to the movable platen

130 are a movable bottom plate 130A, an ejector

pin operating plate member 140, a press pin op-

erating plate member 150, a press pin holding 20

member 160A, and a return spring holding member
160B.

Included in the movable bottom plate 130A are

a driving plate member 180a that is driven by a

piston of an ejector driving means 280, described 25

below, and a driving plate member 180B that is

driven by a piston 260B of a press pin driving'

means 260 described below.

The driving plate member 180a is joined to the

press pin operating plate member 150, arid the 30

driving plate member 180B is joined to the ejector

pin operating plate member 140.

Numeral 200 indicates a movable mold part

adapted to be opened and closed through move-
ment of the movable-side mounting plate member 35

130. The movable moid part 200* has a molding

cavity surface 200a.

Numeral 210 indicates return springs stretched

between the press pin holding member 160A and
the return spring holding member 160B. * "40

Numeral 220 indicates ejector pins for thrusting

the molded article dut of the* mold. One end i of

each ejector pih*220f; is joined 'to me irejector rjpin
f

operating plate'^member 140, whereas the other
*

end of each ; ejector pin 220 extends through- the : 45

ejector pin hblbirig plate^ member 220A, the return

spring holding plate member 160B, and the mov- —
able mold part 200 to appear in the molding cavity

surface 200a. > ;
-

Numeral 160C indicates a spring stretching be- so

tween the ejector pin holding plate 220A and 'the

return spring holding plate 160B and serving to

return the ejector plate 220A. ^
—

-

Numeral 230 indicates press pins. Each press

pin 230, one end of which is'joined to the press pin ; 55

operating- plate member 150, extends through the

press pin holding' member 160A and the return ^

spring holding member 1 60B. The" other end :

of

each press in pin 220 appears in the molding

cavity surface 200a so as to be in alignment with

the position of the corresponding protrusion in the

molded article.

Numeral 240 indicates press pins. One end

portion of each press pin 240 is joined to the press

pin operating plate member 150, and extends

through the press pin holding member 160A and

the return spring holding member 160B. The other

end of each press pin 240 appears in the molding

cavity surface 200a.

The press pins 240, serve to unformalize the

density of the resin material at positions where the

internal resin pressure in the molded article formed

by the cavity is towered and where warpage and

sinkage are generated to a large degree, and are

provided at positions where it is necessary to pre-

vent such warpage and sinkage.

Numeral 250 indicates urging means having a

function similar to that of the urging means of the

apparatus of the embodiment shown in Fig. 1

.

Each urging means 250 has a pin member
250A one end of which appears in the above-

mentioned molding cavity surface. The pin member
250A is driven by a hydraulic cylinder provided in

the movable mold part member 200:

The construction of the hydraulic cylinder 60 is

the same as that of Fig. 9.

The hydraulic cylinder 60 is driven and con-

trolled by a hydraulic control means 60A.

Numeral 280 indicates an ejector driving

means. The ejector driving means 280 comprises a

cylinder case 280a arranged in a cutout 130B that

is formed in the movable platen 130, a piston

280A, a hydraulic pipe (not shown) that is con-

nected to the cylinder case 280a, and so on. The
ejector driving means 280 drives the ejector pin

operating pin member 1 40 by the piston 280A
through the intermediation of the second ejector

operating plate member 180B.

Numeral 260 indicates a press pin driving

means, which operates the press pins 230 and 240.

The press pin driving 1 means 260 comprises a

cylinder case 260A attached to the movable platen

130, a piston 260B provided in the cylinder case,

coupled driving members 260C and 260D, and so

on. • -S

The coupling members 260C and 260D are

arranged in the cutout 130B for the movable platen

130, in the space positioned on the outer side of

the cylinder case 280a, the coupling members
260D being coupled to the compression member
driving plate member 180a.

Numeral 260E indicates an encoder for detect-

ing the displacement amount of the piston 260B of

the press pin driving means.

Fig. 11 is a control block diagram of the ap-

paratus shown in Fig. 10.

9
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Next, the operation of the apparatus shown in

Figs. 10 and 11 will be described with reference to

the flowchart of Fig. 12.

In this embodiment, the above-mentioned urg-

ing pins are displaced by the hydraulic means 60,

so that information is input and set at the informa-

tion input means 300 such that the urging pressure

and displacement timing for the urging pins are

controlled by the hydraulic control means 60A, the

above-mentioned information being input to the

memory 31 0.

Further, control information for the ejector pin

control means 280B for controlling the control pres-

sure and timing of the ejector pin driving means
280 for driving the ejectors 220, is input and
stored.

Control information for the press pin driv-

ing/controlling means 320 for controlling the cyl-

inder pressure and timing of the press pin driving

means 260 for displacing the press pins 230 and
240, is input and stored.

The principal items of the input information in

this embodiment includes:

melting point of the resin material, resin injec-

tion amount, timing for the mold opening/closing

means, load value, timing for the ejector pin control

means, pin pressure, pin displacement amount,
control timing and pressure for the press pins,

initial and switched pressures for the urging

pins 250, operational timing for the control means
60A, and so on.

First, on the basis of design information regard-

ing the resin material and the molded article, i.e.,

the optical unit holding member, the above in-

formation is input (step 1), and then the movable
platen is displaced to perform mold clamping (step

2). This mold clamping is controlled by a positional

signal from the linear encoder (not shown) that is

attached to the movable platen.

In this condition, the above-mentioned valve

gate is kept open, and the press pin driving means
320 is set to the initial set value Ki

.

Then, resin is injected from the injection cyl-

inder 26 into the molding cavity (step 3). The
molding cavity is thus filled with a predetermined

amount of resin such that the resin is pressed
against the end surfaces of the ejector pins 220,

the press pins 230 and 240, and the urging mem-
bers 250.

The internal die pressure in the cavity at this

time is 300 to 600 Kgf/cm2 .

Prior to the completion of the injection of the

predetermined resin, and after the elapse of a set

period of time input to the input means 300, which
is within the period in which the resin* material is

fluid, the press pin driving means 260 is operated,

and the signal from the linear encoder is input to

the control means 320 to control the hydraulic

pressure of the press pin control means 320 to the

value K2 to displace the press pins 230 and 240 in

the direction of the cavity (step 4).

The pressure for switching the hydraulic pres-

5 sure of the hydraulic means from Ki to K2 in step

4 is set at a pressure which causes the press pins

230 and 240 to be displaced by approximately 0.1

mm to 1.0 mm.
When resin is injected into the cavity and the

10 internal pressure of the resin acts on the urging

pins, the hydraulic control of the urging means 250
is effected to adjust the pressure such that the

urging pins maintain the balanced position, where-

by the internal pressure in the cavity is adjusted.

75 As a result of this operation, those portions of

the resin material in the cavity which are near the

press pins 230 and 240 are pressed by the press

pins 230 and 240, with the result that the internal

pressure of the resin in the cavity rises in regions

20 around these portions, and the density of these

resin portions increases.

After this, the injection of the predetermined

amount of resin material is completed (step 5).

Subsequently, the valve cylinder is operated by
25 the valve cylinder control means to close the valve

gate (step 6).

Then, the resin in the cavity is subjected to a

dwelling process (step 7).

Subsequently, the molded article in the cavity

30 is subjected to a cooling process by mold coolant

passage (step 8). After the elapse of a predeter-

mined length of cooling time, a movable-platen

opening/closing operation is conducted by the

mold opening/closing means (step 9).

35 With this movable platen opening/closing op-

eration, the opening/closing of the slide mold is

also effected.

Subsequently, the withdrawal of the molded
article is conducted by the operation ofcthe ejector

40 cylinder control means 280B (step 10).

In the case of the embodiment shown in Figs.

9 through 12, the control of the pressure of the

biasing means 250 is effected by hydraulic control,

whereby the pressure of the urging pins is ac-

45 curately controlled, thereby making it possible to

obtain a molded article with an improved level of

precision.

Further, apart from the ejector pins 220, the

resin in the cavity is pressed and displaced by the

so press pins 230 and 240 to unformalize the resin

through the control of the press, pin control means
320, so that a still higher level of accuracy can be
ensured.

In accordance with the present invention, an
55 injection molding method is proposed in which

pressing members are arranged in a molding cav-

ity surface defined by stationary and movable mold
parts, and urging members urged at a fixed pres-

10



19 EP 0 662 383 A1 20

sure are provided in the molding cavity surface.

After a predetermined amount of resin material has
been injected .into the mold cavity, the injection

gate is closed. Then,, the pressing members are
pressed in the direction of the interior of the cavity 5

so as to displace the resin material in the cavity

against the urging force of the urging members,
thereby uniformalizing the resin material in the
mold cavity.. .

This method makes it possible to produce a io

holding member for an optical unit for image for-

mation with an optical part attached thereto, e.g., a
lens, such that protrusions for holding the optical

unit can be formed with high dimensional accuracy.
In particular, the variation in the wall thickness 75

dimensions of the protrusions can be restrained to

a low level, thus providing a molding method which
can limit to a minimum the dimensional errors in

the mounting positions for the parts constituting the

optical unit. = . 20

Fig. 13 is a diagram showing how the internal

die pressure in a molded article produced by the

molding method of the present invention, varies.

The horizontal axis indicates time as measured
from the start of injection, and the vertical axis 25

indicates the internal die pressure.

First; when no^urging means 12 is provided,
the resin injected into the cavity fills the cavity,

and, as the filling proceeds, me -internal pressure of

the cavity increases rapidly, as indicated by line A, 30

and the difference in internal pressure between the

centralrportion and* the* end portion of the cavity at

the time tc, at which the filling of the resin material

is completed, attains a very large value.

This difference in internal pressure cannot be 35

eliminated even in the dwelling process, causing
warpage and sinkage in the resin in the cooling

process.

Curve B indicates the internal die pressure
near the gate when the urging means Is provided! 40

In this case, the internal pressure increases as the

cavity is filled 16
; a higher degree with the resin

materiallrijectedf/into it. vandfat the *time when"the
filling is -completed; :^the iritemal pressure of the
resin material is^ adjusted by the reactive force of 45

the urging pins to become lower as compared with

that in the case of curve A; Thus, the pressure in

the molding cavity is unformalized, thereby attain-

ing an improvement in terms of dimensional accu-
racy for the cavity protrusions. r'-v 50

Curve C represents the internal pressure in a
case where the urging means 12 is provided but
there are no press pins. In this case, the internal

die pressure in the peripheral section is substan-
tially lower than the set internal pressure. 55

Curve D represents the internal pressure in the

case of the apparatus^according to the embodiment
of Fig. 10. When both the press and ejector pins

are provided, the difference in internal die pressure
between the central and peripheral portions of the
cavity is further diminished, and a more remarkable
uniformalization in the density distribution of the
resin material is attained, thereby making it possi-

ble to obtain
, a molded product exhibiting high

dimensional accuracy.
» ;

Thus, the present invention provides a molding
method for producing a molded article having, pro-

trusions for holding parts, as in the case of an
optical unit for a business machine as mentioned
above. According to the method, pressing mem-
bers protrude from the molding cavity surface for

producing a molded article as mentioned above so
as to be positioned in alignment with the above-
mentioned protrusions. After the injection of the

resin material in the cavity, the pressing members
are pressed so as to displace the resin material to

increase the pressure of the resin portions near
these protrusions, thereby enhancing the resin ma-
terial density near the protrusions so as to make it

possible to obtain a molded article that are free

from deformation caused in the resin cooling pro-

cess.

Further, in accordance with the present inven-

tion, the injection gate is closed after the injection

of the resin material into the cavity, and, after that,

the resin material in the cavity is pressed, whereby
the filling density of the resin material in the protru-

sions of the molded article is enhanced to minimize
the deformation of the protrusions, thereby making
it possible to limit the dimensional errors in the

plurality of protrusions to a minimum.
In an embodiment of the present invention, the •

ejector pins for extracting the molded article also;

serve as the pressing means 10, thereby simplify-

ing the construction of the apparatus.

Further, in the apparatus of the present inven-

tion, it is also possible to execute ^he function of

the ejector pins -and that' of the means for pressing-

the resin after -the injection by separate means.
When such separate means are used, it-is

possible to adopt a construction in which the set-

ting of the pressing force of the pressing means
can be arbitrarily changed, so that any change in

the pressing force due to changes in the molding
conditions, such as the kind of resin material and
molding temperature, can be well coped with.

Claims

1. An injection molding method comprising the

steps of:

providing stationary and movable mold
parts defining a cavity having a molding cavity-

surface, pressing members arranged in the

molding cavity surface, and urging members
urged at a fixed pressure and arranged in the

11



21 EP 0 662 383 A1 22

molding cavity surface;

injecting a predetermined amount of resin

material into the cavity;

pressing the pressing members into the
interior of the cavity to displace the resin ma-
terial in the cavity against an urging force of

the urging members to thereby uniformalize
the resin material in the cavity; and

closing an injection gate after pressing the
pressing members.

2. An injection molding method according to
Claim 1, further comprising the step of provid-
ing a spring to supply the urging force to the
urging members.

3. An injection molding method according to

Claim 1 , further comprising the step of provid-
ing hydraulic means for supplying the urging
force to the urging members.

4. A method of producing a molded article having
protrusions for holding optical parts, said meth-
od comprising the steps of:

positioning pressing members, which pro-
trude into a molding cavity surface of a cavity
for forming the molded article, to be in align-

ment with portions of the cavity which form the
protrusions;

injecting resin material into the cavity;

pressing the pressing members into the
cavity to displace the resin material and, at the
same time, increase the pressure of the resin

at the portions of the cavity where the protru-

sions are formed to thereby increase the den-
sity of the resin forming the protrusions and
eliminate deformation caused in a resin cooling
process.

5. A method of producing a molded article as set
forth in Claim 4, further comprising the step of

closing an injection gate after pressing the
pressing members.

6- A method of producing a molded article as set
forth in Claim 4, further comprising the step of

providing urging members in the molding cav-
ity surface, wherein pressing the pressing
members displaces the resin material against
an urging force of the urging members to
adjust the internal pressure of the resin ma-
terial.

7. A method of producing a molded article as set
forth in Claim 6, further comprising the step of

providing a spring to supply the urging force to

the urging members.

8. A method of producing a molded article as set
forth in Claim 6, further comprising the step of

providing hydraulic means for supplying the
urging force to the urging members.

5

9- A molded article having a plurality of protru-

sions on a surface thereof and formed by a
molding method comprising the steps of:

arranging pressing members to enter into

10 a molding cavity where the article is molded so
pressure applied to the pressing members
from outside of the molding cavity is in align-

ment with portions of the molding cavity where
the protrusions are formed;

is injecting resin material into the molding
cavity for forming the molded article;

pressing the pressing members to in-

crease the density of the resin material por-
tions forming the protrusions to thereby elimi-

20 nate deformation of the protrusions after cool-
ing; and

arranging urging members at a portion of

the molding cavity such that pressing the
pressing members displaces the resin material

25 against an urging force of the urging members.

10. A molded article according to Claim 9, wherein
the molded article is an optical part holding
member for an image forming apparatus, with

30 the protrusions holding a rotating polygon mir-

ror holding section and a lens system for

transferring optical images from the rotating

polygon mirror.

35 11. An injection molding machine, comprising:

stationary and movable mold parts defin-

ing a molding cavity having a molding cavity

surface;

pressing members arranged to enter the
40 molding cavity for pressing a resin material

injected into the molding cavity; and
urging members urged at a fixed pressure

arranged in the molding cavity surface,
wherein, after injecting the resin material into

45 the cavity, said pressing members are pressed
to displace the resin material against an urging
force of said urging members to uniformalize
the pressure in the resin material.

50 12. An injection molding machine according to

Claim 11, wherein said urging members are
arranged proximate to a resin injection gate of
the molding cavity.

55 13. An injection molding machine as set forth in

Claim 12, further including a spring for sup-
plying the urging force to said urging mem-
bers.

12
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14. An injection molding machine as set forth in

Claim 12, further comprising hydraulic means
for supplying the urging force to said urging

members.

15. An injection molding machine, comprising:

stationary and movable mold parts defin-

ing a molding cavity having a molding cavity

surface;

ejector pins for ejecting molded articles

provided in said molding cavity surface;

urging members urged at a predetermined

pressure and provided in said molding cavity

surface; and

control means for pressing said ejector

pins into the molding cavity, wherein, after

injecting resin material into the molding cavity,

said ejector pins are pressed by a predeter-

mined amount to cause an increase in the

density of the resin material against an urging

force of said urging members to unformalize

the pressure in the resin material.

10

15

20

16. An injection molding machine as set forth in

Claim 15, further comprising spring means for

supplying the urging force to said urging mem-,
bers.

25

17. An injection molding machine as set forth in

Claim 15, further comprising hydraulic means
for supplying the urging force to said, urging

members.

30

35

40

45

50

55
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